INTRODUCTION
Hydatid disease (HD) is a worldwide parasitic infection caused by the larval stage of Echinococcus tapeworm. The disease is endemic in many parts of the world, especially in cattle farming areas of South America, the Mediterranean region, the Middle East, Africa, Asia, and Australia. [1] HD is more commonly caused by Echinococcus granulosus and less commonly by Echinococcus multilocularis in its more aggressive form.
In its life cycle, the adult E. granulosus resides in the small bowel of its definite hosts, which are mostly dogs or other carnivorous animals, and then gravid proglottids release eggs that are passed in the feces. These eggs are ingested by intermediate host, which are commonly sheep or other ruminants. The eggs then release oncospheres in the small bowel and then migrate either through portal venous or lymphatic circulation to liver or less commonly lodged in other organs. At the organ site, the embryos either die or develop into hydatid cysts. Humans can be infected secondarily if they ingest substances such as water or vegetables contaminated with Echinococcus eggs. [2] The liver acts as the first line of defense and, therefore, is the most common site of involvement in approximately 75% of cases by HD. Less commonly, hydatid cyst can involve lung, spleen, kidney, bones, brain, and other rare anatomic locations. [2, 3] 
A B S T R A C T
Hydatid disease (HD) is endemic in many parts of the world. HD can affect virtually any organ system in body and should be kept as differential diagnosis of cystic lesion. HD is mostly asymptomatic; however, it demonstrates a variety of characteristic imaging findings depending on the site of involvement, stage of growth, mass effect, complications, or hematogenous spread, which helps in diagnosis. Radiography, ultrasonography (USG), computed tomography (CT), and magnetic resonance imaging (MRI) are commonly used imaging modalities. Radiography is helpful in chest and for demonstrating calcification. USG demonstrates characteristic findings such as cystic nature, daughter vesicles, membranes, septa, and hydatid sand. CT and MRI are modalities of choice for number, size, anatomic location, identification of local complications, and systemic spread. CT is, especially helpful for osseous involvement, and MRI is better for biliary and neurological involvement. Knowledge of these imaging findings helps in early diagnosis and timely initiation of appropriate therapy.
K E Y W O R D S
Computed tomography, hydatid disease, magnetic resonance imaging, ultrasonography Structurally, hydatid cyst is composed of three layers. The outer most layer is pericyst, which is formed by compressed host tissue and fibrous reaction; the middle laminated membrane, also referred to as ectocyst is an acellular structure; and the inner most germinative layer referred as endocyst produces daughter vesicles containing protoscolices. [2, 4] The cystic fluid is antigenic in nature and can produce anaphylactic reaction if released into host circulation.
IMAGING OF HYDATID DISEASE
The imaging methods used for diagnosis and evaluation of the extent of HD are ultrasonography (USG), computed tomography (CT), magnetic resonance imaging (MRI), and less commonly radiography and urography. USG is screening modality of choice and is also used to monitor the efficacy of treatment. It clearly demonstrates the hydatid sand, floating membranes, daughter cysts, and vesicles inside the cyst. CT has high sensitivity and specificity for HD. CT is an important diagnostic modality in detecting cyst wall or septal calcification, demonstrating internal cystic structure posterior to calcification, assessing complications, depicting osseous lesions and in cases where USG has limitations (obesity, excessive bowel gases, abdominal wall deformities, and previous surgery). MRI is superior for demonstrating cyst wall defect, biliary communication, and neural involvement. [5, 6] Recently, MRI has been shown to be important in differentiating liver hydatid cysts from other simple cysts using diffusion-weighted sequence. [7] The imaging findings depend on the organ involved, host reaction, stage of evolution, and maturity of disease. The findings can range from purely cystic lesions to solid-appearing masses. The cysts may be solitary or multiple, unilocular or multivesicular, and with or without calcification. Presence of daughter vesicles and membranes within the cyst, peripheral cyst wall, or internal matrix calcification are important findings for differential diagnosis of HD. Various classifications are being used to describe hydatid cysts. More commonly, depending on the imaging appearance the hydatid cysts are classified into four types. [6, 8] Type I: Simple cyst with no internal architecture During the initial stage of development, the hydatid cyst appears as a unilocular, well-defined cystic lesion with no internal architecture with or without hydatid sand or internal septa. On CT, there is a frequent postcontrast enhancement of cyst wall and septa [ Figure 1 ]. On MRI, the hydatid cyst shows a characteristic hypointense rim on T2-weighted images representing the pericyst. MRI is useful in differentiating Type I hydatid cyst from simple cyst depending upon the apparent diffusion coefficient values, which are found to be lower in hydatid cysts (2.5 × 10 3 ± 0.9) in comparison to that of simple cyst (3.5 × 10 3 ± 0.5). [9] Type II: Cyst with daughter cyst(s) and/or matrix Multivesicular cysts appear as fluid collection with multiple internal septae representing walls of daughter cysts, which are usually arranged at the periphery, having attenuation lower than that of the mother cyst [ Figure 2 ]. Depending upon the maturity and arrangement of daughter cysts within the maternal cyst, a Type II cyst can be seen as Type IIA cyst containing multiple-rounded daughter cysts arranged at periphery with central high-density matrix (wheel spoke appearance); Type IIB cyst containing large irregular daughter cysts occupying almost the entire volume of maternal cyst (rosette appearance); or Type IIC cyst appearing as relatively high-attenuation lesion containing occasional calcification and daughter cyst suggesting degeneration of old cyst [ Figure 3 ]. [10] On MRI, the daughter cysts or brood capsules may appear hypointense or isointense relative to the maternal matrix on T1-and T2-weighted images with T2 hypointense pericyst [ Figure 4 ]. Detached endocyst appears as twisted-linear structure within the cyst as the serpent-sign or snake-sign. [10] Type III: Calcified cyst Type III hydatid cysts are calcified cysts. CT is the preferred imaging method to evaluate calcified hydatid cysts as in USG, they show strong posterior acoustic shadowing. In CT, they appear as well-defined hyperattenuating lesions and in MRI as hypointense areas [ Figure 5 ].
Type IV: Complicated hydatid cyst CT and MRI play an important role in imaging of complicated hydatid cysts, common complications include rupture and superinfection. Hydatid cyst rupture occurs in 50-90% cases, usually due to age, chemical reaction, or a host defense mechanism and can be of three types. [11, 12] In contained rupture, the endocyst detaches from pericyst appearing as curvilinear structure or floating membranes, finding that is highly specific for HD [ Figure 6 ]. In communicating rupture, the cyst ruptures into the structures incorporated in the pericyst usually in biliary and bronchial radicles. Direct rupture into peritoneal or pleural cavities or other structures is due to rupture of both the endocyst and the pericyst. [10] Up to 25% cases of ruptured cyst may become secondarily infected. The cyst may show internal gas, fluid-fluid, or air-fluid level or fat as indirect signs of infection and/or communication with hollow viscera or biliary tree [ Figure 7 ].
SITES OF INVOLVEMENT

Abdominal involvement
Liver Liver is the most common site of involvement by HD; most cysts are located in the right lobe. They can be single or multiple in number with or without involvement of other organs. Differential diagnosis of Type I cyst includes simple epithelial cyst. Type II multivesicular cyst appears as well-defined fluid attenuation lesion with multiple septae or daughter cysts in a honeycomb pattern [ Figure 8 ]. In advanced stage, cysts become partially or completely calcified, hydatid cyst showing complete dense calcification is assumed to be inactive cyst [ Figure 5 ]. [13] Complications of liver hydatid cyst Common complications of hydatid cyst include cyst rupture and superinfection. In contained rupture, detached endocyst appears as floating membrane inside the cyst at USG, CT, or MRI [ Figure 6 ]. On imaging, defect in the cyst wall can be identified in both communicating Communicating rupture can occur into adjacent biliary radicle, hepatic parenchyma, or sub-capsular hepatic space [ Figure 9 ]. Biliary communication of HD has been demonstrated in up to 90% of hepatic cysts and can occur either through small fissures due to incorporation of biliary radicles (in 55% of cases) or through a wide direct perforation. [14, 15] Daughter vesicles or floating membranes can be visualized within the biliary radicles besides the visualization of defect in the cyst wall [ Figures 10 and 11 ]. CT and MRI are superior to USG in demonstrating hydatid contents in distal common bile duct.
Direct rupture allows the passage of hydatid contents into the peritoneal cavity, pleural cavity, hollow viscera, or abdominal wall, and it is usually seen in peripherally located lesions [ Figure 7 ]. Direct rupture can have important clinical consequences, including anaphylaxis, hydatid dissemination, or secondary bacterial infection.
Infection in hydatid cyst mimics hepatic abscess clinically and radiologically. Infected cyst demonstrates poorly defined margins with or without perilesional inflammation, presence of gas, or air-fluid level [ Figure 12 ]. [16] Compression of portal vein and thrombosis is a rare complication of hepatic hydatid and usually seen in hydatid cysts located in the caudate lobe and at hepatic bifurcation. [17, 18] Lack of flow within the portal venous system with or without visualization of cyst material may be demonstrated on imaging. Multiple venous collaterals at hepatic hilum, secondary cavernomatous transformation, or secondary Budd-Chiari syndrome can be seen [ Figure 13 ].
Spleen
Involvement of spleen by HD has been reported from 0.9% to 8% of cases, and it is found to be the third most common location after liver and lungs in some series. [19] Splenic involvement is commonly secondary to systemic dissemination or intraperitoneal spread from ruptured liver hydatid cysts, isolated primary splenic HD is rare and constitutes for <2% of cases. [20] Imaging appearances are similar to those of hydatid cysts in liver [ Figure 14a and b]. Complications are rare and include infection; rupture into pleural or peritoneal cavity; fistula formation into hollow organs, such as colon or stomach; rupture into the bronchial tree; splenothoracic fistula; pleural effusion; calcification or hypersplenism [ Figures 15 and 16] .
Kidneys
Renal involvement of HD is rare and has been reported in 2-3% of cases. [21, 22] Renal hydatid cysts are usually solitary and located in cortex, at upper or lower pole [ Figure 17 ] and can reach up to 10 cm before they become symptomatic. [21] Renal hydatid may appear as uni-or multi-locular well-defined cystic lesion with or without calcification or curvilinear structure. Hydatid cyst may infect secondarily or rupture into collecting system or perinephric tissues. Ruptures into the collecting system have been reported in up to 18% of cases. Differential diagnoses are renal cyst, cystic nephroma, and necrotic renal cell carcinoma. HD of adrenal gland is rare (0.06-0.18%). [23] Pancreas Primary pancreatic involvement of HD is very rare (0.25%), and it is often secondary to hepatic disease. [24] The diagnosis of pancreatic hydatid cyst is possible with high index of suspicion as it is commonly confused with pancreatic pseudocyst or cystic neoplasm. They appear as single or multiple, well-defined cystic lesion with thickened wall with or without calcification.
Peritoneum and retroperitoneum
Primary intra-or retro-peritoneal hydatid cysts are very rare. [25] Peritoneal hydatid cysts are prevalent in approximately 13% of abdominal hydatid cysts and are usually secondary to spontaneous, traumatic, or surgical rupture of hepatic, liver, or mesenteric hydatid cysts [ Figure 18 ]. Retroperitoneal cysts are also secondary to involvement of other organs, most common being liver. On imaging, they look similar to hydatid cyst at any other location. Peritoneal hydatid cysts are usually multiple and can be seen anywhere [ Figure 19 ]. Presence of daughter cysts helps in differentiating hydatid cyst from mesenteric or intestinal duplication cyst.
An isolated hydatid cyst in the pelvic cavity in retrovesical location has also been reported causing urinary symptoms due to mass effects [ Figure 20 ]. In such cases, the hydatid embryo gains access to pelvis by hematogenous or lymphatic route. [26, 27] Extraabdominal involvement Brain Involvement of central nervous system by HD is rare and has been reported in 1-2% of cases. [28] Cerebral HD is more commonly seen in children and young adults. Brain hydatid cysts are usually single and unilocular, most common location being cerebral hemispheres, particularly in the territory of the middle cerebral artery. The less common sites of involvement are cerebellum, pons, ventricles, cavernous sinus, extradural, skull, and eye ball. [29] Cystic lesions such as porencephalic cyst, arachnoid cyst, cystic tumor of the brain, and pyogenic abscess are included as differential diagnosis of intracerebral hydatid cyst.
The cerebral hydatid cysts grow slowly and present late generally due to the compression of adjacent structures. In CT and MRI, cerebral hydatid cyst appears as well-defined, cerebrospinal fluid (CSF) signal density, or intensity lesion with or without brood capsules or daughter cysts [ Figure 21 ]. Thin rim of peripheral enhancement can be visualized due to fibrous capsule or secondary to superadded infection. Calcification of brain hydatid cyst is rare (<1%). Perilesional edema is usually not seen as compare to brain abscesses or cystic neoplasms.
Hydrocephalous due to ventricular compression can be seen. Rarely, hydatid cyst may rupture into the ventricular system or subarachnoid spaces with demonstration of floating membranes or fluid-CSF level [ Figure 22 ]. Peripherally located hydatid cyst can protrude into the meninges and calvaria or can Spinal cord hydatid cysts are rare (<1%), thoracic spine being most common location. [29] They are usually multiple and can be intramedullary, intradural extramedullary, or extradural intraspinal in location. Spinal cord hydatid cyst usually appears as cystic lesion of CSF signal intensity without postcontrast enhancement.
Thoracic involvement Pulmonary
Lungs are the second most frequent site of hematogenous spread in adults and have been reported as the most common site in children (15-25% of cases). [2, 11] Concurrent involvement of the liver and lungs is seen in approximately 6% of all patients. [30] The size of the cyst may vary from 1 to 20 cm due to the compressibility of lungs. [11] Cysts are more commonly located in lower lobes (60% cases) and can be multiple (30% cases) and bilateral (20% cases). [10, 31] Complications of pulmonary hydatid cyst include rupture (50-90% cases), superinfection, and rarely hepato bronchial fistula or acute pulmonary embolism secondary to rupture.
Uncomplicated cysts appear as round, oval, or polycyclic well-defined mass lesion. Calcification of the pericyst is very rare (0.7%) in pulmonary hydatid cysts. Daughter cysts are rarely seen in lung HD. As the cyst grows, it may cause erosions in the incorporated bronchioles allowing introduction of air within the cyst, appearing either as thin crescent of air between the pericyst and the laminated membrane (the "crescent sign" or "meniscus sign") or air-fluid level within the endocyst. Sometimes, collapsed membranes may be seen floating on dependent portion of the cyst or on the surface of the cyst also known as the "water-lily sign" [ Figure 23 ].
The "air bubble sign" seen as the presence of air bubbles in regions surrounding the cyst may develop as a consequence of cyst rupture, secondary to bacterial infections with presence of consolidation in adjacent lung parenchyma [ Figure 24 ]. The "air bubble sign" is reported to be very sensitive and specific (85.7% sensitivity and 96.6% specificity) in establishing the diagnosis of complicated hydatid cyst. [32] Cysts may rupture directly into the pleural or peritoneal cavity. Rarely, during the medical treatment, pulmonary hydatid would be seen as thin-walled air-filled cavitary lesion [ Figure 25 ].
Intrathoracic extrapulmonary
Intrathoracic but extrapulmonary hydatid cysts are rare and can be located in the fissures, pleural cavity, chest wall, mediastinum, myocardium, and diaphragm. They can be solitary or multiple and appearance can vary from Type I to Type III cysts. [33] CT and MRI are the main diagnostic tools in such cases. Pleural and mediastinal involvement are generally secondary to lung, hepatic, or splenic involvement [ Figures 26 and 27 ]. Cardiac HD is rare (0.02-2% cases) and may be due to hematogenous spread or rupture of a lung hydatid cyst. [32] Most common location being left ventricle followed by interventricular septum, right ventricle, pericardium, and right or left atrium. [34, 35] CT and MRI demonstrate unilocular or multivesicular cystic lesion in relation to cardiac chambers [ Figure 28 ]. Pericardial hydatid cysts are usually seen in costophrenic recess, at 
Bones and soft tissues
Osseous involvement has been reported in 0.5-2% of cases, most common location being spine followed by pelvis, long bones, skull, and ribs. [36] On imaging, bone hydatid appears as a well-defined, multiloculated expansile lytic lesion with irregular branching. Pathological fracture can also be seen. As the lesion grows, it causes thinning and breach of cortex and extension into the adjacent soft tissue. Intraosseous cyst rarely demonstrates calcification; however, extraosseous component can calcify.
Primary soft-tissue involvement is rare and represents 0.5-4.7% of cases. [37] Muscular HD preferentially involves muscles of the neck and trunk and at the root of the limbs. At imaging, they may appear as unilocular or multilocular cystic lesion or complex solid lesion depending upon growth of the cyst [ Figure 30 ]. Differential diagnoses include abscess, synovial cyst, chronic hematoma, and necrotic soft tissue tumor.
CONCLUSION
HD can affect virtually any organ system in body. Commonly, it demonstrates characteristic imaging findings that help to differentiate HD from other entities. However, at times, it can present itself with atypical manifestations due to secondary complications or at atypical sites. Familiarity with these imaging findings helps in early diagnosis and timely initiation of appropriate therapy, thereby reducing patient morbidity. 
